The v = 1-0 R(5) line of HD at 2.46 µm has been detected at the position of brightest line emission of shocked H 2 in the Orion Molecular Cloud. The flux in this HD line, when compared to that of the previously detected HD 0-0 R(5) line at 19.43 µm, suggests that, like the v=1 levels of H 2 , the v=1 levels of HD are populated in LTE, despite their much higher rates of spontaneous emission compared to H 2 . The higher than expected population of vibrationally excited HD may be due to chemical coupling of HD to H 2 via the reactive collisions HD + H ↔ H 2 + D in the shocked gas. The deuterium abundance implied by the strengths of these lines relative to those of H 2 is (5.1±1.9) × 10 −6 .
Introduction
Until recently, observations of the deuterium abundance in the interstel- selectively depletes HD. Bertoldi et al. (1999) estimate that the depletion factor at Peak 1 is 1.67 for gas in the range of temperatures where most of the HD v = 0 R(5) line emission occurs. The second is the lack of information about the populations of other energy levels. This is a serious problem at Peak 1, because (1) the post-shock gas has a wide range of temperatures, and (2) HD radiatively relaxes much more rapidly than H 2 , so that its v=0 J=6 level, which is 2,636 K above ground, might not be in LTE, unlike H 2 lines of similar excitation. Bertoldi et al. (1999) includes both the correction for depletion and an adjustment factor of 1.5, their estimate of the factor by which the population of v=0, J=6 falls below that for LTE. This factor, which is highly uncertain, could be tested if other transitions of HD were detected. One possible source of additional information is the fundamental vibration-rotation band of HD, which should be excited into emission by collisions in the post-shock gas. The fundamental band occurs at the long wavelength edge of the 2 µm window and short wavelength edge of the 3 µm window, where telluric absorption, mostly by H 2 O, is severe. However, the v=1-0 R(5) line of HD at 2.459 µm is accessible from a dry, high altitude site such as Mauna Kea. The upper level of this line is 7,747 K above ground (Herzberg 1950; Essenwanger & Gush 1984) , and hence the intensity ratio of it to the 0-0 R(5) line observed by ISO can provide valuable information concerning the excitation of HD. The 1-0 Q(5) line of H 2 , with upper level energy 8365 K (Dabrowski & Herzberg 1984) , is nearby at 2.455 µm, so its strength can be easily compared to the HD line.
Observations and Results
A search for the 1-0 R(5) line of HD was conducted on UT 1999 January 20 at the United Kingdom Infrared Telescope (UKIRT), using the 1-5 µm spectrometer CGS4 (Mountain et al. 1990 ). Its intensity distribution, which is similar to that of the Q(5) line along the slit, solidifies the identification. The profiles of the two lines do not appear identical, but are the same to within the noise.
Analysis

Beam dilution
To determine the excitation parameters of the HD at Peak 1, it is necessary to compare the two line fluxes. The 0-0 R(5) line was measured by the SWS in an aperture of 380 arcsec 2 , centered on Peak 1, whereas the 1-0 R(5)
line was observed at UKIRT through a 6 arcsec 2 aperture on the brightest part of Peak 1. From the H 2 Q(5) line, which was observed both by the SWS in a large aperture (Rosenthal, Bertoldi, & Drapatz 2000) and UKIRT in the small aperture, we conclude that the observed HD 1-0 R(5) surface brightness must be decreased by a factor of (2.1±0.4) to properly compare it with the average surface brightness of the pure rotational HD line measured in the larger aperture.
Column densities
The surface brightness of an optically thin vibration-rotation line can be converted into a column density via N(v,J) = (4π/hc) (Iλ/A)10 0.4A λ ), where I is the observed line intensity, A is the Einstein coefficient, and A λ is the extinction, assumed to be 0.78 mag at 2.455 µm (see Bertoldi et al. 1999 , Rosenthal et al. 2000 . Bertoldi et al. found an HD column density in the v=0, J=6 level, N(0,6), of (3.0±1.1) × 10 14 cm −2 at Peak 1. After correcting for the difference in surface brightnesses as described above, the 1-0 R(5) line yields a column density N(1,6) = (5.1±1.3) × 10 12 cm −2 averaged over the large beam. This is a factor of 60 lower than the column density in the v=0, J=6 level, demonstrating that most of the HD is not vibrationally excited. However, as shown in Fig. 2 , the two populations match the relative populations of H 2 levels (Rosenthal et al. 2000; Bertoldi et al. 1999 ) of similar energies. This is somewhat surprising, as one might have expected that the higher HD levels would have a sub-thermal excitation, due to their much higher radiative transition rates (60 times higher when comparing the rate for HD(1,6), 5 × 10 −5 s −1 , with that for H 2 (1,4), which has the same excitation energy). Thus one might have predicted that the population of the higher energy level of HD would fall far below the scaled H 2 curve. We return to the discussion of HD excitation below.
Deuterium abundance
Assuming that the lower energy states of HD are populated in LTE (i.e., in the same way as the levels of H 2 , as suggested by (1999) toward δ Orionis. We note that Jenkins et al. and Sonneborn et al. (2000) find that the deuterium abundance varies significantly along different lines of sight.
Excitation of HD
The excitation of the HD (0,6) and (1,6) levels appears to mimic that of similarly excited levels of H 2 . If this is generally true for HD, then there must be a way of maintaining HD level populations in spite of their radiative transition rates, which are substantially higher than those of H 2 . While it is believed that H 2 levels are in LTE as a result of standard collisional relaxation with H 2 and H, post-shock densities would need to be considerably higher than 10 7 cm −3 in order for simple inelastic collisions to maintain HD in or near LTE.
We have already noted the exchange reaction, HD + H ↔ H 2 + D, which tends to deplete HD in the warm, partially dissociated post-shock gas of OMC-1. Our analysis of this reaction, which has been studied previously by Rozenshtein et al. (1985) , Zhang & Miller (1989) , Gray & Balint-Kurti (1998), and Timmermann (1996) , indicates that at Peak 1 the fraction of vibrationally excited HD, HD * , is significantly enhanced by this reaction. Details of our analysis are provided in Ramsay Howat et al. (2002) . To summarize, we find the following.
• H 2 (v=0) + D → HD * + H is the dominant channel for "chemically" exciting HD vibrationally, with a rate coefficient of 1.24 × 10 −12 cm −3 s −1 .
Vibrationally excited H 2 has an order of magnitude higher rate coefficient for production of HD * , but only a very small fraction of H 2 is vibrationally excited (see below).
• Formation of HD * is faster than its relaxation to the ground vibrational state when n(H 2 ) > 4 × 10 7 [n(HD)/n(D)][n(HD * )/n(HD)] cm −3 . In this case collisions of HD* with H 2 and other species will lead to an LTE population of HD*. The deuterium fraction, n(D)/n(HD) is determined by detailed balance of the HD-H 2 exchange reaction, and the above equation simplifies to n(H) > 2 × 10 7 [n(HD * )/n(HD)] e 418/T (K) .
• The ratio n(HD * )/n(HD), which is needed to evaluate the above in-equality, varies greatly over the range of post-shock temperatures where line emission occurs. For a reasonable assumption of 0.01 for the mean value of this ratio, the formation of HD * by reactive collisions is faster than its radiative decay to the ground vibrational state when
In the post-shock gas n(H) is believed to be well in excess of 10 5 cm −3 .
Thus, we tentatively conclude that at Peak 1 partially dissociative shocks strongly couple the excitation of HD to H 2 . Because of the much larger abundance of H 2 , the HD effectively becomes part of the H 2 level system.
To further test the importance of this excitation mechanism, detections of additional lines of HD are needed, in order to determine if the populations of their upper levels also fall on the scaled H 2 curve in Fig. 2 . 
